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RECFP'lL)R KIN DING OF DEtROMMTORPHAN IN
NO.RM AL AND ISCHAMIC BRAIN:

A COMPARISON WITH OTHER UOGANDS

Thne objective of this project is to invesixatc die potential significance of thc ricuroprotective
agent dextromethorphan, inid itzi icccptor, in normnal arnd abnormal brain. Dextromethorphan
is a non-opioie cyugli suppiessanit. It is as potent as codeine, but has the opposite steric
culifiguiation (i.e. it is dextrorotatory rather than levorotatory), and possesses none of the
CNS pharmacology normally associaecd with opioids. The demonstration in 1981 of high
affinity binding Sites for dextrornethorphan, which were distinct from any known
ncurotransmitter or ricuromodulator sites, was followed by the discovery that
dextromethorphan also possessed significant anticonvulsant and neuroprotective properties.

The first phase of my project wag to examine the characteristics eif dextromethorphan's
action at the receptor, using radioligand binding teeihniqiiels. in general, these can be divided
into two distinct but related methods. The tirst of these, autoradiography. uses brain
sections, and allows the binding of the raiiintigand to be studied in situ. The advantage here
is that the cell-cell interactinns are still intact, and this should thus theoretically reserrble the
physiological state of the receptor. In addition, this technique allows the Anatomica~l
di,,trihution of the receptor to be studied. However. there is one considerable disadvaiiiage
assriciated with autoradiography. the extremely slow throughput uf materiml, and dius data,
means that detailed quantitative information on the binding of sevicriulizands is difficult to
obtain. The other radiolugand binding method, the nuw Okisical test-tube technique, allows
data to be processed much more rapidly, and .s therefore More suitable for studying more
accurately the kinetiits of biding together with receptor densities and affinities of ligands
binding to multiple sites. However, this technique is also not without its disadvantages and
iczults %wi easily be misinterpreted. For example, preparation of the receptor muerial (i.e.
homnogcnisation and sub-ccliular fractionation) can expose binding sites not --orm&uiy
accessible to the radioligand or drug, and factors influencing binding (*.S. lays) may be
removed during the prcparation procedure. Overall, it was felt appropriate to make use of
both tcchniqucs for this project, autoradiography for looking at the anatO' i:al distribution
of binding, and classical techniques for the quantitative assessment of re zeptor densities anti
understanding the pharmacology of the binding sites in terms of IC,s of K1s.

During the first phase of my project I have attempted to rev~oduce and validate work
previously carried out with dextromethorphan So fr, thir t e involved the preparation of
receptor material (brain sections for awrrdein~raphy and membrane fractions for test-tube
experiments); actual binding e~xperiments using radirlabelled dextromethorphan and the
appropriate recelircr material. including preparation~ o various buffers and solutiunm, both
acrording to established methods and also to optimise the varivu3 %;unditiotis used, and
pitihaquently analysis and interpretation of data. Some uf die ptclintiinar resultsotie
ame shown at the end of this report. OverAll I feel I have mastered the various techniquc.s and
methodology involved, and am thus piepafing to go on to the next phase of the project,
which will be outlined bckvw.



Dextromethorphan has been 3huwii to bc an effective neuroprotective agent, being active in
both in vitro and in vivo ,models of ischacmia. It is widely accepted that the mechanisms of
ischaemil, ucuional damage involve glutamate receptors, of which the N-methyl-D-asrpartate
(NMDA) iC.Cptor is a sub-type. In addition to its own high affinity binding site,
d.xtromcthorphan also binds, albeit with lower affinity, to i qite located on the ion channel
associated with the NMDA receptor. This so-called phencyclidine (PCP) site Is modulated
by ligands which bind to the NMDA receptor. lis includes NMDA Itself, and also glycine
and polyarnines, which bind to sitev diqtinct from the NMDA binding site and which are
necessary for the channel to open. Antagonists at these binding sites have been shown to
possess neuroprotective artivity. Thus it would be of Interest to cumpare the binding of
dextromethorphan (and a series of structurally related analuguc) to die dextromethophan
high affinity binding site. as measured using f3H~dcxtruiietliorphan, and also to both the
PCP and Elycine sites, using (3H]MK-801 and [3Hjglycihc respectively. To this end I have
developed radioligand binding assays for buth glycine and MK-801 in the same manner as
for dextromethorphan.

So far the mechaniini of the neuroprotectivc action of dextromethorphan has not been
established. It may be via its own high affinity site, or it may be via its action at the PCP
site (cidici directly, or via metabolism to dextrorphan, which has a higher affinity for the
PCP site than dextromcthorphan). Thus it is proposed to examine the binding of
dextromethorphan not only to normal brain, but also to brains which have been subjected to
an ischacmic insult. This will be done using the "middle cerebral artery occlusion" model In
the rat, which has been shown to cause a reproducible focal cortical infarct, and which Is
widely used to study the neuroprotective activity of drugs. The binding of
dextromethorphan will be compared with that of other ligands associated with neurotoxicity
and neuroprotection. These will include glycine and MK-01, and also the opiold antagunist
naloxone, as dextromethorphan hat at least one pharmacological effect in common with
certain opioids in itc antitussive action and naloxone has been Shown to posAC3s
neuroprotective properties. Binding will be studied both in nonmal brain, and in ischarmic
brain 72 hour post-occlusion. after which time infarct funmation has been shown to be near
maximal. If differences are apparent, a time t;uutw from 0-72 hours looking at binding
versus infarct formation will be examined in more detail. As the middle cerebral artery
occlusion model Is a complicated une, agreemcn ha, been rcachcd with the Stroke Project at
Pfiztr Cenual Research, for the appropriate training in this technique. .

To follow on fion this work, it is proposed to attempt to correlate neuroprotective activity
with level, of these agents achcivcd in the brain after in vivo administration. Generally, if a
c;(iiipound binds to more than one site with different affinity, it is assumed that the high
affinity site is more relevant. However, after in vivo administration, brain levels may be
achieved such that the relevant action of the agent to elicit any given effect is at lower
affinity sites. This may especially be the case with dextromethorph:n. Thus brain levels of
the above agcnts after neuroprotective doses will be determined stthequent to adminisation
of radiolabelled tracer in vivo, followed by purificatinn of the radiolabel using TLC in vitro.



Results

rigure 1 show3 a typical displacement curve for (3141DM in guinea pig brain sections
(10 .iM). Using 20nMv [3H]DM, incubating for 20 minutes at 23*C, and washing 3x~min in
ice cold Tris-1ICI containing 0.01% Triton X-100 and 100mM choline chloride, the 1C.% for
dextromethorphan was found to be M~OW. The presence of more than one hinding qite 114
indicated by the low slope observed with this curve.

Figure 2 demonstrates that the hinding of [3H1DM to guinea pig brain crude homogenate Is
proportional to the stmoiint of protein present. Specific binding is defined as total minus
non-specific (in the pretence of lO0.UM DIM) and accounts for 46-67% of local binding,
which is expressed here in dpm.

Figures 3 and 4 show the binding of f3H1DM in sub-ccllu1ia fiact.ioiis of guinca pig brain.
Binding of DM to crude (unpurified) hoitiogcntcs is generally found to be of low affinity
(-lOjItM), reflecting the greater s..apacity of tie low affinity site for dextromethorphan.
The (ra~tion3 weic Viepased according to the method of Dc Robcrtis ct al (1962). The
binding assay was performed by incubating 5OpI of [31-l]DM (4nM) with 400±1 of protein
and 501LI of either buffer (Ti-HCI, pH 7.4 @ 230C) or increasing concentrations of cold
DM (1nM-100 jM). Non-3pecific binding was defined with 1miM DM. Highest affinity
binding was found in the microsomal fraction, with lower affinity binding in synaptosomul
and mitochondrial fractions. However, bind ing in all of these fractions appears to be
biphasic, indicating more than one site is present, although this could be due to incomplete
purification of each fraction during the centrifugation procedure.

Other experiments were performed to optirnise the conditinns ured mn the (3HIDM binding
assay (data not shown). Association experiments qhowed that equilibrium was reached
within I minute at 23*C. and remained qtable for at least 30 minutes. Non-specific binding
of (3111DM to the elat-tihre tilters proved to be a problem. Presoaking the filters In Tris-
H(I containing either Triton X-100/choline chloride or PEI did not improve the ratio of
specific to non-specific binding, or using OF/C or GFiI' filters instead of OF/B, or 6icludiing
IrrM DM In the presoak. These results are in r;untrasbt to tliubc icpoitcd (claiming that
addition of choline chloridefTrituit X-100 to the filter presoak and Wash buffers rcducca
binding of [3H1lDM to the filtibi), tie Leason for this is not known.

In additioni to dic dcAurotietorphan binding assay, assays for glycinc and.N{-K 801 have also
Lmcn dcvdoupcd. Both use an extensively washed rat crude cortical .i. -~ uffy co~t)
piepasation. ror the glycine assay, 500. of (3H]glycinc (2On.M) %X.; .. i'. -th 400$j1

of piotcin and 501.d of either buffcr (50mM Tris-citrate, pH 7 " a mc.reasing
concentrations of cold glycinc (lnM-1O009"4, for 20 minutes at V'C NOr -pe,;if'c binding
was defincd with 0.1ImM glycine. The reaction was terminated by didution -L iuh 3mJ ice-,cold

Tris-citrate buffer followed by rapid filtration through GF/C filters presoaked -2hf in Tris-
citrate buffer containing 0.1% PEL'ImM glycine to reduce non-specifir binding to the fillers
All of the preceding steps were performed in the cold room, and the whole qeparation
procedure was carried out as rapidly as possible (<10sec) to minimise Aissrciation of the
ligand from its receptor. For the MK-901 assay. Tntp-H(i (pH 7 4 4 2;'() was the buffer
used, lmM (3HNM-80l was incubated with the membranes for I hour at 23*C. lINM MK-
801 was used to define non-specific hinding, and filtration was through GF/B filters



presoaked in 5iiLM Tds-IICI. Thc cffccta of added glutamate at 1OIM were also studied.
Glutamatc incrrascd the specific binding of [rH)MK-801 by nearly 60% (from 5863 to
9178 dpm; no effect on non-specific binding), while not significantly affecting glycinc
binding.

Experiments are also in progxrss to examine the cffects of the carb-tapcntm and
dextromethcorphan analogues. obtained fruin Df Ncwman at NIDA-ARC, in these assay
mcaiels.

AS soon as the final data from thc3c analyses have been made the results will be
conveyed w Dr Tortella and Dr Newman.
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ON Displacement in G.Pjg Brain
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3H-Glycinp and 3H-MK8O1 Binding in R~at Rr~an,
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